in 2000, our internal medicine residency program began incorporating annual chart review, guided by a follow-up meeting between the resident and project director, as a critical exercise for ensuring that residents developed both an attitude and an aptitude for self-reflection and a lifelong commitment to self-improvement. For the past 5 years, residents in our training program, under the direct supervision of the Associate Chief of Staff for Medicine and Ambulatory Care (CH), routinely conducted annual chart review. They studied the relevant practice guidelines, reviewed the medical records of continuity care patients in their outpatient clinics, documented their adherence to national preventive and chronic disease care recommendations, and reflected on their practices.
In 2003, when the American Board of Internal Medicine (ABIM) developed its practice improvement modules (PIM), which are now required for maintenance of certification, it acknowledged that quality improvement was inherently linked to professionalism and self-regulation. 2 External audits might lead to improvement in the quality of patient care, 3 but such improvements were not found consistently, 4, 5 tended to be small to moderate, 6 and were most evident when residents' performance was particularly poor or when educational interventions were particularly intense. 6 Moreover, residents often challenged the accuracy of external reports, 7, 8 and physicians' belief in the credibility of their own data was essential for quality improvement. 2 By establishing self-assessment and reflection on practice as the foundation for the PIMs, the ABIM acknowledged the potential for bias, but affirmed our belief that residents' honest reflections on their own medical practices provided an element of learning that could not be gleaned through standard didactic medical education or passive review of externally extracted data.
Research reported within the past year raised serious concerns about the quality of residency clinic care practices. 9, 10 It also provided practical suggestions for improving patient outcomes by strengthening clinic operations, 11, 12 adapting instruction to residents' prior knowledge, 13 increas-ing physician-patient continuity, 14 and re-designing the ambulatory block structure. 15 New methods for teaching and assessing PBLI support clinical understanding, [16] [17] [18] [19] and disease registries help programs achieve benchmarks for critical care processes. 20, 21 However, creating meaningful improvement in medical practice requires individual commitment to change.
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In our 5-year retrospective study, we assessed residents' improvement over time in their performance monitoring skills and outcomes, their skills at self-reflection, and their satisfaction with our PBLI practices. We also considered contextual effects of resident sex and clinic, and the feasibility and value of PBLI to the residency program as we assessed the impact of these practices on residents' commitment to improved patient care outcomes.
METHODS

Participants and Setting
The sample included 80 residents from five consecutive graduating cohorts (2003 -2007) who performed chart review during all 3 years of residency in the University of WisconsinMadison Internal Medicine residency program. There were 37 residents (60% male) in the primary care continuity clinic of the Veterans Administration Hospital (VA) and 43 residents (40% male) in one of four University of Wisconsin (UW) healthcare clinics. Clinics served a mixed income, urban/rural patient population. The same weekly outpatient medical curriculum was implemented at all sites under the direct supervision of the faculty member who had responsibility for each resident's clinic. Assigned faculty were on site during all continuity clinics, personally seeing interns' patients, and providing indirect staffing for patients of PGY-2 and PGY-3 residents. Residents who did not complete all 3 years of chart review (n=36) were not included in this study.
Chart Review Procedures
Residents were instructed to select, in good faith, 20 charts from their panels of approximately 60 adult patients whom they had seen in their continuity clinics within the past year, with the intention that nearly all of their patients would be reviewed within the 3-year context of the program. To confirm the absence of bias in chart selection, we examined medical record numbers across 3 years for a randomly selected 10% of residents (n=8) and documented that 17% of their 453 patient charts had undergone re-review. Prior to conducting chart review, small groups of residents were guided through a master sheet summarizing the evidence-based and/or expert opinion references for each parameter and the standardized data abstraction tool. Criteria were documented as "met" if test results were evident in the patient's chart or if written documentation indicated that the test had been performed, scheduled, or offered; as "not met" if documentation was missing or incomplete; or as "not applicable" if screening or management was not indicated due to age, sex, or medical history. Chart review was performed during 2 h of unscheduled clinic time. The Institutional Review Board categorized this project as exempt, and patient identifiers were anonymized as data collection was completed.
Data abstracted from chart review included patient age and sex as well as residents' compliance with each of 11 preventive medicine and 6 chronic disease management measures reflecting standards of care as accepted by the US Preventive Services Task Force. 23 Measures included (1) 
Self-Reflection
Following chart review, residents completed a brief questionnaire indicating whether they had benefited from the chart review exercise (yes or no) and why. Content analyses were conducted on residents' qualitative responses using a modified version of four categories developed by Mezirow (1991):
Lack of engagement captured responses in which residents suggested an absence of learning or otherwise complained about the chart review experience; (2) Understanding captured a range of positive statements about the importance of the process or general appreciation of new learning regarding residents' strengths or weaknesses; (3) Reflection included positive statements in which residents appeared to interpret and give meaning to their performance on a particular quality indicator; (4) Critical Reflection included statements in which residents clearly addressed a particular problem in their chart review and either planned action to change or specified a commitment to change the situation. Inter-rater reliability between one of the authors (MAR) and a trained graduate assistant indicated excellent reproducibility (kappa=0.84).
Statistical Analysis
For chart review, each patient's outcome was coded as 1 if the criterion was met (termed "compliance"), coded as 0 if the criterion was not met and should have been met, and coded as "not applicable" if screening or managing that measure was not indicated given that patient's risk factors. We assumed that if a measure was coded as met, it was indicated for that patient.
For each resident, postgraduate year, and health-care measure, compliance was modeled against program year, clinic, and known demographic variables of the resident and patient. Each resident had a maximum of 1,020 observations (17 measures × 3 postgraduate years × 20 patients). Logistic modeling was used to determine the effect of postgraduate year in the residency program (PGY-1, PGY-2, PGY-3), resident sex (male, female), graduation cohort (2003, 2004, 2005, 2006, 2007) , clinic setting (VA, UW), patient sex (male, female), and patient age. Generalized Estimating Equations were used to adjust for correlation between repeated observations for a resident and postgraduate year in the program. 26 Chart review data were analyzed using the Statistical Analysis Software (SAS) package. 27 Resident sex, clinic setting, postgraduate year, patient sex, and patient age were treated as categorical variables; graduation cohort was treated as a continuous 
RESULTS
Eighty residents abstracted data from the medical records of 4,390 patients (mean=18 patients per resident for each of 3 years) on 17 core measures.
Patient Characteristics
Comparisons of patient sex and age characteristics within resident sex and clinic setting indicated that at the UW clinic, female residents were significantly more likely than male residents to have female patients (68% vs. 30%, χ2=287.8, p <0.0001); this was not true at the VA clinic, where both male and female residents had 29% female patients (χ2=0.03, p= 0.87). Patients at the VA clinic were older than patients at the UW clinics (χ2=578.0, p<0.0001), with about two-thirds of patients at or above age 55 at the VA and two-thirds below age 55 at the UW.
Logistic Analyses of Residents' Compliance Rates
Residents' compliance rates for monitoring core health-care measures within postgraduate years are presented in 
Reflection Following Chart Review
The 80 residents completed a total of 160 annual surveys during their 3 years of residency, with 28 residents completing all three surveys, 49 residents completing at least one but not all three surveys, and 3 residents completing no surveys. Among completed surveys, the overwhelming majority of residents (92%) indicated that the chart review exercise was beneficial, and positive perceptions were consistently high across postgraduate year (PGY-1=90.0%; PGY-2=96.5%; PGY-3=90.5%).
In response to the follow-up question as to why they thought chart review was beneficial, only 60% of the resident surveys included open-text commentary. Responses fell into four categories. 25 The majority of residents (63%) indicated general understanding about the importance of self-assessment or identification of general perceived strengths or deficits, e.g., "It helped me identify areas in which I need to improve." A total of 26% of the residents identified specific insights or associations among quality indicators, e.g., "I missed general maintenance for complicated patients." Some residents (8%) emphasized specific actions taken or commitments to change in the future, e.g., "I changed my computer template after the last chart review to incorporate preventative medicine reminders into each visit."
DISCUSSION
Chart review represents a well-established technique for measuring and continuously improving the quality of health care. 28 Academic medical centers have provided benchmarking data by postgraduate year, [29] [30] [31] and evaluation of personal clinical performance against benchmarks has become an accepted intervention in professional development outside of academic settings. 32 Results of this study add to the literature by demonstrating that residents who participated in annual reviews of their own patients' charts exhibited increased adherence to nationally recognized preventive and chronic disease standards. Residents showed significant improvement over postgraduate year in their rates of administering immunizations (tetanus, pneumococcal), screening for diabetes, cholesterol, and cancer (colorectal, cervical), and screening for behavioral risk factors, as well as in their management of diabetes (LDL, microalbumin, foot and eye care). These findings are consistent with the notion that physicians naturally seek to close gaps in their performance once they become aware of them, especially if those gaps are self-discovered. 33 Although our focus has always been on residents' individual practice-based learning and improvement, differences in compliance rates clearly exist within our residency program and in comparisons between our residency and other residency programs. For example, although all of our residents were exposed to the same curriculum and model for faculty supervision, compliance rates were significantly higher at the VA than at the UW. This might be explained by the fact that practice guidelines at the VA were fully integrated into an established electronic medical record system, and residents had primary responsibility for their patient panels, whereas electronic medical records were unavailable at the UW, and residents had to schedule their patients through their attendings, thereby limiting access to patient information and the ability to monitor quality improvements. It is more difficult to explain how specific clinic practices (e.g., reminder systems, protocols for immunizations) might have led to differential improvements in some screening measures (e.g., cervical cancer) and not others (e.g., breast cancer) or to specify reasons for incremental improvements over time given the retrospective nature of our data. Moreover, the fact that we, like Kern (1990) , 29 found improved outcomes across residency years where others did not, 31 or that our compliance rates appear similar to baseline rates in some studies, 22 but higher than those reported in other studies 15 suggests potential differences in practice sites that may be too numerous to speculate (e.g., patient populations, frequencies of re-visits to clinic, core curriculum).
Residents consistently reported benefiting from the process of reviewing their patients' charts. Those who completed the survey typically cited gains in understanding about their medical practices, with some, although not a majority of residents, articulating specific progress toward commitments to change. These findings suggest that the residency program may wish to strengthen PBLI skills in continuity clinics, 34 while reinforcing residents' skills at self-reflection through focused mentorship, 35 since residents who fail to engage in reflection or critical reflection 25 on this exercise may be less capable in general of addressing their gaps and improving their medical practices. This paper provided support for the feasibility and practicality of our limited cost method of chart review. In contrast to a more expensive model of quality assessment, we estimate that our method could be implemented in a similar-sized program at an annual cost of about $3,000, based on 15 h per year of faculty time (at $100 per hour), supported by 20 h for a program assistant to monitor compliance (at $15 per hour), and 40 h by a data analyst to compile, analyze, and report program data (at $30 per hour), plus the opportunity costs associated with resident time to complete the chart review.
Inherent limitations in the methodological features of our study must also be recognized. We assumed that the value of spending time looking at one's own work relative to accepted standards of care outweighed the potential for resident bias in chart audit, but in the absence of a control group and double data extraction, we can neither claim that this PBLI activity changed resident behavior nor can we rule out the possibility that improvement over time reflected additional years of training. Similarly, we integrated practice-based learning into the ambulatory care setting assuming that this type of learning would lead to improved patient care practices, but because we did not actually measure improvements in the quality of patient care, we can not confirm this association. Finally, we laid a foundation for lifelong learning by protecting the chart review process from outside evaluation, thereby encouraging residents to take responsibility for their own foibles. However, absence of outcome-based assessments or other evidence to show that our former residents continued to apply their knowledge to selfimprovement in their later medical practice hampered our ability to claim success at establishing lifelong self-regulation.
Conclusion
. Our method of chart review focused on inculcating a spirit of independent reflective thinking and providing residents with an opportunity to improve their practices based on what they learned. Our data collected over 5 years may have been retrospective, but they resulted in the accrual of a large number of individual measurements, and our findings seem promising enough to recommend more rigorous testing. Indeed, if this practical, meaningful, limited cost PBLI method could be shown to lead to change in resident behavior within controlled studies, it seems likely that many residency programs would choose to implement it. It is our hope that our enhanced counseling practices will likewise move residents along a continuum toward increasing critical self-reflection and commitment to individual and system change, further accelerating residents' progress toward improved patient outcomes.
